A high step-up dc-dc converter based on an isolated dc-dc converter with voltage multiplier cells for photovoltaic systems is essentially introduced in this paper. The proposed converter can provide a high step-up voltage gain. The switch voltage stress and losses on semiconductors are significantly reduced through this work. Furthermore, the proposed converter can reliably offer and provide continuous input current which can be basically used for integrating photovoltaic systems to convert 30 V to 480 V dc bus. The ripple on the input current is minimized due to the isolated converter, and the proposed converter is fed by a single input voltage. The operation modes and the characteristics of the aforementioned converter are thoroughly analyzed. The components selection, simulation results and experiment results are mainly verified by using MATALB Simulink. Consequently, a 360 W hardware prototype is implemented to validate the design and the theory.
I. INTRODUCTION
The growing demand in the recent years for renewable energy systems, photovoltaic systems, fuel cells, and semiconductor industry requires wide use of high voltage gain dc-dc power electronic converters. In the past years, the high intensity discharge lamp ballast in automotive headlamps used high voltage gain dc-dc [1] . In the recent time, photovoltaic (PV) cells sources are becoming more extensive with the growing energy demand. The dc voltage of a single photovoltaic panel is essentially low and around 50 V. In other words, the output voltage of any renewable energy system, such as a single PV, is not suitable to step up a high output voltage and output power. Furthermore, the conventional boost, buck-boost, and flyback converters must fundamentally have high large duty ratios to increase the output voltage and get a high voltage gain [2] . However, by increasing the high cycles ratios, the ripples on the input current, and the stresses on the voltage switches are going to consequently increase [7] - [10] . Fig. 1 shows that a typical photovoltaic system that a PV source, high step up DC-DC converters are used to increase the low voltage of a PV source from 30 V to 480 V which essentially would be converted to an AC voltage through an inverter to the load. Large ripples on the input currents, large ripples on the output voltage and the voltage stresses on the switches would inevitably lower the efficiency and inescapably the productivity of the converter [3] . In addition, since the diode does not conduct for a long time, a diode reverse recovery might essentially cause some issues. One way to avoid and reduce the large ripples on the current, and diode reverse recovery is to use a coupled inductor and a transformer [12] . Even though cascading and adding additional non-isolated dc-dc converters would increase the output voltage, it may eventually lower the efficiency. Furthermore, another disadvantage of the cascaded conventional converter is that the output diode may basically experience a high voltage stress on the switches [15] - [22] . Moreover, to accomplish a high voltage gain in the isolated converters, an increase in the turns ratio is required. For if not, the number of winding turns in the transformers may cause the leakage inductance, and therefore may cause the voltage spikes [4] . Despite using the switched capacitors, which would decrease the voltage stresses on the switches, it may cause losses in the capacitor voltages [5] . One way to overcome these problems is to step up the output voltage, minimize the voltage stresses on the switches and minimize the duty ratio that is essentially using voltage multiplier cells (VMCs) in the conventional converter [6] . Thus, since using voltage multiplier cells would experience discontinuous input current, new topologies are introduced here to overcome these problems [11] . Moreover, because of the leakage inductance, and limited resistance components, conventional boost and flyback converters are not suitable to attain a high voltage gain with a high efficiency [13, 14] . The proposed converter has a winding transformer, coupled inductors, two switches, a single input voltage and a voltage multiplier cell. The paper will provide the analysis of the operation modes in part A of section II, mathematical expression in part B of section II , simulation results and components selection in part C of section II experiment results, the losses and the efficiency of the proposed converter in section IV and conclusion in section V.
II. ANALYSIS OF THE PROPOSED CONVERTER
The proposed converter is fed by a single source as shown in figure 2 . The voltage multiplier cells play a remarkable role in increasing the voltage gain. It can be observed that the voltage transformation ratio is essentially based on switch duty ratios and the number of voltage multiplier cells. The converter is fundamentally operating in continuous conduction mode and the components are principally ideal. Moreover, it can be observed that the proposed converter has two stages, two switches, a winding transformer, inductors, diodes, and capacitors. The active switches are simultaneously controlled by one control signal as shown in fig. 3 . As a result, the proposed converter has three modes of operation. 
A. Investigation and Analysis of the Modes of Operation
The three modes of operation are essentially analyzed and studied in this section.
1) Mode-I In this mode, as shown in fig. 4 switches S1 and S2 are together ON. Moreover, all diodes are reverse biased, and they are OFF. Inductors, and the winding transformer are charging by the single source. As it is in the figure, the load has been supplied by the output capacitor. 2) Mode-II For this mode, S1 is OFF, and S2 is ON as shown in fig. 5 . D2 and D4 are reverse biased, and they are OFF. But D1 and D3 are forward biased, and they are ON. Thus, the inductor current for L1 plays a remarkable role in charging C1 and C3. However, the other current is essentially going to discharge C2 and C4. 3) Mode-III For this mode, S1 is ON, and S2 is OFF as shown in fig. 6 . D2, D4 are forward biased, and they are ON. But D1 and D3 are reverse biased, and they are OFF. Hence, D2 and D4 conduct, but D1 and D3 do not obviously conduct. The inductor current for L2 charges C2 and C4 but the inductor current for L1 discharges C1 and C3. Thus, there are some considerations in analyzing the operation modes; the components are ideal, the system is in the steady state, inductor currents are in continuous conduction mode and they categorically do not reach zero. 
B. Analysis of the Voltage Gain and the Equations
First, by charging and discharging the voltage multiplier cell capacitors, the input power is transferred to the output side. The inductors voltages are calculated as
It can be observed the voltage across capacitors can be written as
Hence, the output voltage can be written as
C. Simulation Results and Components Slection
The simulation model of the proposed converter has been designed by using MATLAB Simulink. In addition, the selection of the parameters are given in Table I . The input voltage is essentially 30 V, load resistance is 640 Ω, the inductors are 120 µH, the voltage multiplier capacitors are 20 µF, the switching frequency is 100 kHz, and the duty ratio is 0.75.
The simulation has been done to meet the specifications and to boost the proposed converter to a higher voltage gain. Furthermore, the inductor currents are basically equal. Hence, the average inductor currents, and the voltage across inductor are explored through the simulation and the equations. From fig. 7 , the inductor voltage is 30 V, and the input current ripple is successfully decreased. The input current is around 12.5A, and the input current ripple is 1.8A.
Table II. Experiment and components ratings
The inductor current is 6A and can be respectively written as 
The equations above have been analyzed and calculated to approve the simulation model and validate the experiment results. III. EXPERIMENT RESULTS A hardware prototype of the proposed converter was designed to validate the proposed converter operation. In addition, the specifications of the components used for building hardware prototype are specified as shown in Table  II above. For the switches, it can be observed from fig. 8 above that the voltage stress across switches has been reduced to 120 V. Thus, the amount of the reduced switch voltage to the The main reason of having a higher diode voltage is logically that the diode depends on the voltage multiplier capacitors. Moreover, the diode currents are completely equal to the output current. Moreover, the diode voltage is twice the switch voltage Thus, the voltage stress across the diodes has been minimized to 240 V as in fig. 9 and can be calculated as
The average diode current is the same as the output current and essentially equal to 0.75 A. By going back to the operation modes, it can be explored that the diodes only conduct in the second and the third modes which result in an inequal diode voltages. The only diode that is always conducting is the output diode which is here D4. Where Irms is the rms value of the peak current applied to the inductor L1 and L2, and DCR is DC resistance of the inductor Psw cond = (RDS,S1 x IS1,rms 2 ) + ( RDS,S2 x IS2,rms 2 )
The switching losses for both switches can written as Fig. 11 shows the losses of the selected components, and it can be noticed that the remarkable losses happen in the diodes which are around 53% of the losses, 22% of the losses are in the inductors, 20% of the losses are in the MOSFETs, and 5% of the losses are in the capacitors. The maximum efficiency is essentially high and is 96 % as shown in fig. 12 , and it can be also improved by selecting efficient components. Moreover, it can be noticed that the highest efficiency is accomplished at a power of 173 W. Therefore, by increasing the input power, the efficiency will slightly decrease. Fig. 13 shows the experimental waveforms of the switch voltages and the input current. Moreover, the switch voltages are both the same and are nearly 120V. The input current is approximately 12.5 A. it can be observed that the ripple on the input current has been reduced as it was previously calculated. Fig. 14 A high step up DC-DC converter using voltage multiplier cells was designed and analyzed. The proposed converter was successfully demonstrated to boost 30V to 480V. Moreover, the aforementioned converter reliably offered a high voltage gain with a reduced duty ratio. The voltage stresses across semiconductors were greatly reduced. The ripples on the input current were minimized and mitigated, and the losses on the leakage inductance were reduced. The operation modes, and the equations have been analyzed and explained. The simulation model and the hardware prototype were introduced to validate this research. The achieved maximum efficiency was precisely 96 %, and the proposed converter was suitable for the integration of individual photovoltaic cells to 480V.
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